The screening of a cDNA library prepared from mRNA of Sendai virus induced Naroalwa (human BurkHt's lyrophoma) cells, using a human IFN-ot2 DNA probe under conditions of low stringency, Identified two weakly hyDr1d1z1ng clones containing sequences related to, but discernably different from those of the IFN-a class. Sequence and hybridization analysis of these cDNAs as well as expression in E.coH provided evidence that they encode proteins which have the characteristics of IFN type I but which are sufficiently diverged m sequence from both IFN-crs and IFN-B to suggest that they are representatives of a new and distinct class of Interferons named mterferonomega. Hybridization of these sequences to genoraic DNA reveals that this class contains at least four members.
INTRODUCTION
Previously Identified type I Interferons have been divided on the basis of their induction 1n different cell types and lack of serological crossreactivity (1) into two roam classes, leukocyte (IFN-a) and fibrobiast (IFN-B) Interferon. The complexity of the gene families encoding a-and B-1nter-ferons has been revealed using a combination of gene cloning and DNA hybridization techniques (2) . In humans, the IFN-a class consists of at least 13 members which are more than 771 homologous 1n anrino add sequence (3) (4) (5) (6) (7) (8) (9) .
The IFN-B class consists of a single member, which has diverged considerably from members of the IFN-a class being only 30X homologous to then (10) (11) (12) (13) .
As part of a characterization of human type I Interferons Induced 1n Naraalwa cells (14) after Sendai virus Induction we have prepared a cDNA library 1n E.coH (15) and analysed the clones by low stringency hybridization with a hu-IFN-a2 DNA.
In this report we describe the existence of two weakly hybridizing clones which are representatives of a new class of Interferons named IFN-to.
MATERIAL AND METHODS

Screening of the library
The construction of the cDNA library, the growth of the individual clones and the preparation of the nitrocellulose filters were described before (15) . IFN-ot2 DNA was excised from the plasmid pER33 (16) and contained ttie entire coding region for mature IFN-a2 plus 185 bp of 3'nontranslated region. This DNA was mcktransiated to a specific activity of 100 xlO 6 cpm/ug (17) . The filters with the bound DNAs were hybridized 1n a solution containing 6xSSC (lxSSC = 150 mM NaCl, 15 mM trisodium citrate), 5xDenhardt's solution (18) and 0,H SDS at 65°C for 18 hours. The washing was done 3 times 15 m1n at room temperature in ZxSSC, 0,11 SDS and 3 times 45 mm m the same solution at 65°C for 45 m1n. The filters were dried and exposed to Kodak x-Omat S film using an intensifying screen at -70°C.
Nucleotide seauence determination
The cDNA inserts of the clones P9A2 and E76E9 were isolated by digestion with PstI, further cut with Alul, Sau3A or Haelll and subcloned 1n M13ap9 (19) cut with the appropriate enzymes. Nucleotide sequencing was done according to Sanger et. al (20) using a- 35 S-dATP and gradient gels (21) . The sequences were assembled using the computer programmes originally developed by staden (22) , modified and Improved by C.PIeler (this laboratory, unpublished) for a Cyber CDC 170 (Standard Fortran 77).
6enomic Southern blot hybridization
Total DNA from Namalwa cells was isolated using the method of Bl1n et.
al (23) . 10 ug ONA/lane were digested with EcoRl, Mndlll, BamHI, SphI, PstI or cial under conditions specified by the supplier (New England Biolabs).
The DNA was separated on a II agarose gel and transfered to a nitrocellulose filter according to Southern (24) . The filter was cut 1n half, baked at 80°C for 2 hours and prehybridized at 65°C for 4 hours 1n 6x SSC, 5x Denhardt's solution, 0,1% SOS. One half of the filter was hybridized with lOxlO 6 Namalwa cells after Sendai virus induction we have prepared a cONA library 1n E.coli (15) and analysed the clones as follows. mRNA from Sendai virus Induced Namalwa cells was primed with the synthetic tridecaner The first mflrter represents the absolute value of differences followed by the percentage m brackets. The extra nuobers m the IFH-p and IFN-UJ columns represent the nuabers of nonaligned aalno adds which are already Included 1n the percentage (one anino add contributes 0,61).
d(CCTTCTGGAACAG) complementary to many IFN-ors and the IFN-p mRNA (30)
. cDNA was prepared by standard techniques and used to screen part of the library. One positively reacting clone was confirmed by nucleotide sequencing to contain an IFN-OC2 specific cONA. This IFN-a2 cONA was used to screen the entire library under low stringency conditions (31) . In addition to the strong signals from clones containing IFN-a cONAs, two weakly hybridizing clones were observed. These were further characterized by Southern hybridization (24) and found to strongly hybridize to each other and to weakly hybridize to purified IFN-a2 cDNA. Restriction analysis of the two clones named P9A2 and E76E9 suggested that although they differed 1n size by approximately 40 nucieotides they correspond to mRfi As of very similar sequence.
Nucleotide sequencing
The complete nucleotide sequences of both cDNAs were determined using the dideoxy chain termination method (20) IFN-al and IFN-ccl3 (34) ) and 141 (IFN-aB and IFN-aO) , whereas the new DNA sequences differ from the published IFN-a DNA sequences by at least 28 and up to 3U. All IFN-a DNAs as well as the new sequences differ by more than 501 from the IFN-p DNA sequence (lower left part 1n Table 1 ). An even more drastic result 1s seen when amino add sequences of mature IFNs are compared. Members of the IFN-a class vary up to 231 whereas pairwise comparison-of the new protein with Individual members of the IFN-a proteins reveals differences of at least 42 and up to 471. Again the divergence of both IFN-a and the P9A2 or E76E9 derived proteins from the IFN-p protein 1s about equal, i.e. 701 (top right part in Table l) . Total DNA blotting analysis
Completely digested Namalwa DNA was probed after agarose gel electrophoresis and Southern transfer under more stringent conditions not allowing for cross hybridization between the new sequences and those of iFN-as and IFN-p. Using part of P9A2 cDNA as the radiolabelled probe reveals multiple bands (Fig.2a) . This set of bands was different from the one hybridizing with the IFN-a2 probe. Only one band of the PstI pattern generated with the P9A2 probe corresponds to the authentic P9A2 gene since this DNA could not detect sequences 5 1 to the first Internal PstI site. In addition sequences shorter than 500 base pairs run off the gel resulting 1n loss of the Internal 120 bp long PstI fragment (F1g. 2b). Therefore the number of fragments of PstI restricted DNA hybridizing to the P9A2 probe leads to the estimation of at least four members of the new IFN class. Expression of the P9A2 cDNA-seouence 1n E.coii
In order to show that the new sequence encodes a protein with antiviral activity the cONA sequence contained 1n the plasisid P9A2 was modified and cloned in the expression vector pER103 (16) . The procedure 1s outlined 1n F1g.3. The cDNA sequence of the clone P9A2 starting with the codon for cystem was placed under the control of the trp-promoter (Serratia marcescens) and 1s preceded by a ribosomal binding site and a translation start codon.
The resulting plasmid was named pRHW12. E.coli HB101 transformed with this plasmid was grown in medium containing indole acrylic add. Cell cDNA. These differences could be due to allelic variations since the genes were isolated from different sources, i.e. fetal liver or Namalwa cells.
We would suggest based on the conclusions described m the discussion part and for clarity reasons to use the name IFN-ai Instead of subdividing the a-IFNs 1n class I and class II IFN-as.
